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1
METHOD AND APPARATUS FOR
DETERMINING WIRE RESISTANCE

FIELD OF THE INVENTION

The invention generally relates to communication net-
works, and more particularly, to a method and system for
determining resistance imbalance in communications
cables.

BACKGROUND OF THE INVENTION

Enterprise workspace is quickly evolving with new net-
worked devices to improve communication, collaboration,
security, and productivity. Power over Ethernet (PoE), a way
to deliver electrical power over LAN cabling to networked
devices, has been widely deployed over the years to provide
power to various endpoints in the enterprise workspace
environment using existing conductors. In recent years,
Power Over Ethernet (PoE) standards and equipment have
been developed that utilize the twisted pairs to transmit DC
power in addition to data. End user PoE equipment, such as
telephones and video cameras, are conveniently powered
through the ethernet jack, thus eliminating the need for a
local AC power outlet.

PoE systems typically transmit electrical power by using
one twisted pair of a datacomm cabling system containing
four twisted pair communication channels to send current to
equipment, and another pair to return the current to the
power source. Each pair is also typically connected to ferrite
core transformers (baluns) that convert the differential
twisted pair signal to a single ended signal for subsequent
processing. PoE current flows through the transformer wind-
ings with each wire preferably carrying half of the current.
The two currents induce equal and opposite DC flux in the
transformer ferrite core, resulting in cancellation and no DC
flux. It is to be appreciated that any remnant DC flux can
degrade the transformer’s performance due to core satura-
tion resulting in possible degradation of data transmission.

It is to be appreciated that if the two conductors in a pair
have equal resistance, along with the transformer coils, a
50/50 current split is assured, and transformer saturation will
not occur. However, Ohm’s law dictates that a significant
resistance difference will result in current imbalance and
possibly core saturation. As one skilled in the art appreci-
ates, limits have been established for maximum acceptable
resistance imbalance in the data communication channel.
Therefore, there is a need for qualifying a conductor for data
services and to determine imbalance resistance of the con-
ductor.

SUMMARY OF THE INVENTION

The purpose and advantages of the invention will be set
forth in and apparent from the description that follows.
Additional advantages of the invention will be realized and
attained by the devices, systems and methods particularly
pointed out in the written description and claims hereof, as
well as from the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the invention, as embodied, the inven-
tion includes, in one aspect, a method and apparatus for
qualifying a conductor for services and to determine imbal-
ance resistance of the conductor. The method and apparatus
comprises feeding signals from a controller to termination
ends of at least three wires of a conductor, then determining
in the controller a resistance difference between first and
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second wires of the conductor using a measured resistance
of one of the three conductor wires as a reference value. The
conductor is qualified for services when the resistance
difference between the first and second wires is below a
threshold.

Another aspect of the invention relates to determining
imbalance resistance of a conductor having at least three
wires by first determining a resistance value of a first wire
loop consisting of an aggregate resistance of any two of the
at least three conductor wires. Next, a resistance value of a
second wire loop is determined, with the loop consisting of
an aggregate resistance of one of the wires used in deter-
mination of the first loop and a conductor wire not used in
determination of the first wire loop. A resistance difference
is then determined between the first and second wire loops.
And intra-pair resistance imbalance is determined for the
conductor according to the determined resistance difference.

Another aspect of the invention relates to an apparatus
and method to measure single wire resistance in a commu-
nication cable having at least first and second wire pairs. The
method and apparatus comprises first measuring resistance
between a first wire of a first wire pair and one reference
wire chosen from a second wire pair to produce a first loop
resistance measurement value. Next, resistance between a
second wire of the first wire pair and the reference wire is
measured to produce a second loop resistance value. Next,
resistance between the first wire and the second wire of the
first wire pair is measured to produce a third loop resistance
measurement value. Resistance of the first wire is deter-
mined by calculating a resistance sum value by adding the
third loop value to a difference between the first and second
loop values and dividing the resistance sum value in half.

In further, optional aspects, in the foregoing method and
apparatus the aforementioned services comprise low-voltage
DC power transmission. Each of the first and second wires
may be constituents of a twisted pair of wires. The resistance
of each wire is determined by measuring the resistance at
one end of the wire while the other end of the wire is coupled
to the controller. The aforementioned communication cable
may be a twisted pair datacomm cable. Additionally, at least
one of the wires used in the loop measurement determina-
tions may be a wire shield. An embodiment of the invention
can implement one or more of these optional aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying appendices and/or drawings illustrate
various non-limiting, example, inventive aspects in accor-
dance with the present disclosure:

FIG. 1 illustrates a system overview and data-flow in one
embodiment of system operation;

FIG. 2 illustrates an apparatus for measuring cable pair
loop resistance in accordance with the present invention;

FIG. 3 is schematic illustration of an apparatus for mea-
suring resistance imbalance of a PoE communication cable
according to an illustrated embodiment of the present inven-
tion; and

FIG. 4 is schematic illustration of an apparatus for deter-
mining average values of resistive components of various
loop-completing paths in accordance with an illustrated
embodiment of the invention.

DETAILED DESCRIPTION OF CERTAIN
EMBODIMENTS

The present invention is now described more fully with
reference to the accompanying drawings, in which an illus-
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trated embodiment of the present invention is shown. The
present invention is not limited in any way to the illustrated
embodiment as the illustrated embodiment described below
is merely exemplary of the invention, which can be embod-
ied in various forms, as appreciated by one skilled in the art.
Therefore, it is to be understood that any structural and
functional details disclosed herein are not to be interpreted
as limiting, but merely as a basis for the claims and as a
representative for teaching one skilled in the art to variously
employ the present invention. Furthermore, the terms and
phrases used herein are not intended to be limiting but rather
to provide an understandable description of the invention.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or intervening value in that stated range is encompassed
within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller
ranges is also encompassed within the invention, subject to
any specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges
excluding either both of those included limits are also
included in the invention.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used in the practice or testing of the present invention,
exemplary methods and materials are now described.

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a stimulus™ includes a plurality of
such stimuli and reference to “the signal” includes reference
to one or more signals and equivalents thereof known to
those skilled in the art, and so forth.

It is to be appreciated the embodiments of this invention
as discussed below are preferably a software algorithm,
program or code residing on computer usable medium
having control logic for enabling execution on a machine
having a computer processor. The machine typically
includes memory storage configured to provide output from
execution of the computer algorithm or program.

As used herein, the term “software” is meant to be
synonymous with any code or program that can be in a
processor of a host computer, regardless of whether the
implementation is in hardware, firmware or as a software
computer product available on a disc, a memory storage
device, or for download from a remote machine. The
embodiments described herein include such software to
implement the equations, relationships and algorithms
described above. One skilled in the art will appreciate
further features and advantages of the invention based on the
above-described embodiments. Accordingly, the invention is
not to be limited by what has been particularly shown and
described, except as indicated by the appended claims. All
publications and references cited herein are expressly incor-
porated herein by reference in their entirety.

Turning now descriptively to the drawings, in which
similar reference characters denote similar elements
throughout the several views, FIG. 1 depicts an exemplary
general-purpose computing system in which illustrated
embodiments of the present invention may be implemented.

It is to be understood the present invention is to be used
in a generalized computing embodiment in which the pres-
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ent invention can be realize. This embodiment is depicted in
FIG. 1 illustrating a processing system 100 which generally
comprises at least one processor 102, or processing unit or
plurality of processors, memory 104, at least one input
device 106 and at least one output device 108, coupled
together via a bus or group of buses 110. In certain embodi-
ments, input device 106 and output device 108 could be the
same device. An interface 112 can also be provided for
coupling the processing system 100 to one or more periph-
eral devices, for example interface 112 could be a PCI card
or PC card. At least one storage device 114 which houses at
least one database 116 can also be provided. The memory
104 can be any form of memory device, for example,
volatile or non-volatile memory, solid state storage devices,
magnetic devices, etc. The processor 102 could comprise
more than one distinct processing device, for example to
handle different functions within the processing system 100.
Input device 106 receives input data 118 and can comprise,
for example, a keyboard, a pointer device such as a pen-like
device or a mouse, audio receiving device for voice con-
trolled activation such as a microphone, data receiver or
antenna such as a modem or wireless data adaptor, data
acquisition card, etc. Input data 118 could come from
different sources, for example keyboard instructions in con-
junction with data received via a network. Output device 108
produces or generates output data 120 and can comprise, for
example, a display device or monitor in which case output
data 120 is visual, a printer in which case output data 120 is
printed, a port for example a USB port, a peripheral com-
ponent adaptor, a data transmitter or antenna such as a
modem or wireless network adaptor, etc. Output data 120
could be distinct and derived from different output devices,
for example a visual display on a monitor in conjunction
with data transmitted to a network. A user could view data
output, or an interpretation of the data output, on, for
example, a monitor or using a printer. The storage device
114 can be any form of data or information storage means,
for example, volatile or non-volatile memory, solid state
storage devices, magnetic devices, etc.

In use, the processing system 100 is adapted to allow data
or information to be stored in and/or retrieved from, via
wired or wireless communication means, at least one data-
base 116. The interface 112 may allow wired and/or wireless
communication between the processing unit 102 and periph-
eral components that may serve a specialized purpose.
Preferably, the processor 102 receives instructions as input
data 118 via input device 106 and can display processed
results or other output to a user by utilizing output device
108. More than one input device 106 and/or output device
108 can be provided. It should be appreciated that the
processing system 100 may be any form of terminal, server,
specialized hardware, or the like.

It is to be appreciated that the processing system 100 may
be a part of a networked communications system. Process-
ing system 100 could connect to a network, for example the
Internet or a WAN. Input data 118 and output data 120 could
be communicated to other devices via the network. The
transfer of information and/or data over the network can be
achieved using wired communications means or wireless
communications means. A server can facilitate the transfer
of data between the network and one or more databases. A
server and one or more databases provide an example of an
information source.

Thus, the processing computing system environment 100
illustrated in FIG. 1 may operate in a networked environ-
ment using logical connections to one or more remote
computers. The remote computer may be a personal com-
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puter, a server, a router, a network PC, a peer device, or other
common network node, and typically includes many or all of
the elements described above.

It is to be further appreciated that the logical connections
depicted in FIG. 1 include a local area network (LAN) and
a wide area network (WAN), but may also include other
networks such as a personal area network (PAN). Such
networking environments are commonplace in offices, enter-
prise-wide computer networks, intranets, and the Internet.
For instance, when used in a LAN networking environment,
the computing system environment 100 is connected to the
LAN through a network interface or adapter. When used in
a WAN networking environment, the computing system
environment typically includes a modem or other means for
establishing communications over the WAN, such as the
Internet. The modem, which may be internal or external,
may be connected to a system bus via a user input interface,
or via another appropriate mechanism. In a networked
environment, program modules depicted relative to the
computing system environment 100, or portions thereof,
may be stored in a remote memory storage device. It is to be
appreciated that the illustrated network connections of FIG.
1 are exemplary and other means of establishing a commu-
nications link between multiple computers may be used.

FIG. 1 is intended to provide a brief, general description
of an illustrative and/or suitable exemplary environment in
which embodiments of the below described present inven-
tion may be implemented. FIG. 1 is an example of a suitable
environment and is not intended to suggest any limitation as
to the structure, scope of use, or functionality of an embodi-
ment of the present invention. A particular environment
should not be interpreted as having any dependency or
requirement relating to any one or combination of compo-
nents illustrated in an exemplary operating environment. For
example, in certain instances, one or more elements of an
environment may be deemed not necessary and omitted. In
other instances, one or more other elements may be deemed
necessary and added.

In the description that follows, certain embodiments may
be described with reference to acts and symbolic represen-
tations of operations that are performed by one or more
computing devices, such as the computing system environ-
ment 100 of FIG. 1. As such, it will be understood that such
acts and operations, which are at times referred to as being
computer-executed, include the manipulation by the proces-
sor of the computer of electrical signals representing data in
a structured form. This manipulation transforms the data or
maintains them at locations in the memory system of the
computer, which reconfigures or otherwise alters the opera-
tion of the computer in a manner understood by those skilled
in the art. The data structures in which data is maintained are
physical locations of the memory that have particular prop-
erties defined by the format of the data. However, while an
embodiment is being described in the foregoing context, it
is not meant to be limiting as those of skill in the art will
appreciate that the acts and operations described hereinafter
may also be implemented in hardware.

Embodiments may be implemented with numerous other
general-purpose or special-purpose computing devices and
computing system environments or configurations.
Examples of well-known computing systems, environments,
and configurations that may be suitable for use with an
embodiment include, but are not limited to, personal com-
puters, handheld or laptop devices, personal digital assis-
tants, tablet devices, smart phone devices, multiprocessor
systems, microprocessor-based systems, set top boxes, pro-
grammable consumer electronics, network, minicomputers,
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server computers, game server computers, web server com-
puters, mainframe computers, and distributed computing
environments that include any of the above systems or
devices.

Embodiments may be described in a general context of
computer-executable instructions, such as program modules,
being executed by a computer. Generally, program modules
include routines, programs, objects, components, data struc-
tures, etc., that perform particular tasks or implement par-
ticular abstract data types. An embodiment may also be
practiced in a distributed computing environment where
tasks are performed by remote processing devices that are
linked through a communications network. In a distributed
computing environment, program modules may be located
in both local and remote computer storage media including
memory storage devices.

With the exemplary computing system environment 100
of FIG. 1 being generally shown and discussed above,
discussion will now turn to the present invention apparatus
and method for determining wire resistance which utilizes
computer system 100, or components thereof.

With reference now to FIG. 2, and in accordance with an
illustrated embodiment, an apparatus is shown for measur-
ing cable pair loop resistance designated generally by ref-
erence numeral 200. Apparatus 200 preferably includes a
source unit 202 and a receive unit 204. The source unit 202
is preferably adapted and configured to provide current
excitation. The receive unit 204 is preferably adapted and
configured to provide a current path between the wires (W,
and W) of the cable pair through preferably programmable
grounding resistors 206. Preferably, both the source unit 202
and the receive unit 204 measure the resulting voltage at the
points where amplifiers 208 and 210 are coupled to the wires
(W, and W,) of the cable. It is to be appreciated that to
facilitate loop measurement, a far-end tester (e.g., receive
unit 204) completes the loop by preferably routing a current
from a source wire to a receive wire so as to measure the
resistance of the current path.

It is to be understood a loop resistance is obtained by the
resistance measured by the source unit 202 subtracting the
resistance measured by the receive unit 204. The loop
resistance of the two wires (W, and W,) of a twisted pair to
be measured is:

Rcablel +Rcable2.

With reference now to the illustrated embodiment of FIG.
3, discussion will now be provided regarding measurement
of resistance imbalance for a Power over Ethernet (PoE)
cable. It is to be appreciated a PoE cable typically consists
of eight wires (wires 1 to 8), forming four pairs of twisted
wires. FIG. 3 additionally depicts an optional 9” conductor
(shield wire 9), which is present in Shielded Twisted Pair
systems. As shown in FIG. 3 the first twisted pair is formed
by wire 1 and wire 2, the second twisted pair is formed by
wire 3 and wire 4, the third twisted pair is formed by wire
5 and wire 6 and the fourth twisted pair is formed by wire
7 and wire 8.

As shown in FIG. 3, the resistance of wire 1 is R1, the
resistance of wire 2 is R2 carrying through to the resistance
of wire 8 which is R8. According to an illustrated embodi-
ment of present invention, the loop resistance is determined
by measuring the resistance by the source unit 202, and then
subtracting the resistance measured by the receive unit 204.

It is to be understood that prior to determining the
differential resistance, it is preferable to verify that the cable
under test is wired correctly. Therefore, and in accordance
with an illustrated embodiment, the differential resistance of
wire 1 and wire 2 can be determined by the loop resistance
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of wire 1 and wire 3 and the loop resistance of wire 2 and
wire 3. As shown in the following formula, the differential
resistance between wire 1 and wire 2 (R1-R2) can be
determined by corresponding loop resistances measured:

(R1+R3)-(R2+R3)=R1+R3-R2-R3=R1-R2

As indicated above, to measure the differential resistance
of wire 1 and wire 2 (R1-R2), the resistance of the loop

formed by wire 1 and wire 3 (R1+R3) is measured and the ;

resistance of the loop formed by wire 2 and wire 3 (R2+R3)
is then subtracted from this measurement.

Similarly, and as shown in the below formulas, the
differential resistance of wire 2 and wire 3 (R2-R3) can be
determined by subtracting the loop resistance of wire 1 and
wire 3 (R14R3) from the loop resistance of wire 1 and wire
2 (R14R2). Likewise, the differential resistance of wire 3
and wire 1 (R3-R1) is determined by subtracting the loop
resistance of wire 1 and wire 2 (R1+R2) from the the loop
resistance of wire 2 and wire 3 (R2+R3):

(R1+R2)-(R1+R3)=R1+R2-R1-R3=R2-R3

(R2+R3)-(R1+R2)=R2+R3-R1-R2=R3-R1

It is to be appreciated that by the measurement method
described above, resistance imbalance can be determined
according to differential resistance. In accordance with an
illustrated embodiment, a computer processor preferably
102 compares the differential resistance as measured with
reference to a threshold value. If the differential resistance
exceeds the threshold value, the processor 102 preferably
generates a resistance imbalance signal, which is sent to an
output device 108 to indicate this condition to a user.
Otherwise, if the differential resistance is below the thresh-
old value, an indication is provided to a user, via preferably
processor 102 and output device 108, indicating that the
conductor qualifies for the desired service(s). For instance,
such desired service can included (but is not to be under-
stood to be limited thereto) to low-voltage DC power
transmission.

Alternatively, and in accordance with another illustrated
embodiment, differential resistance can be determined by an
average value of resistive components of the various loop-
completing paths on the far-end tester, as shown in FIG. 4.
For instance, for the pair of wire 1 and wire 2, the following
loop combinations can be used:

R1—R2= (Rl +R3)— (R2+ R3)

= (R1+ R6) — (R2 + R6)
=(R3+R1)-(R3+R2)

=(R6+ R1)— (R6+ R2)

It is appreciated that loop resistance (R3+R1) is the reverse
current version of (R1+R3) and the loop resistance (R6+R1)
is the reverse current version of (R1+R6). The differential
resistance between wire 1 and wire 2 is an average value of
the four sets resistance values measured. Preferably, the four
loop resistance measurement can also repeat, with the roles
of the source and receive units reversed, so the final differ-
ential resistance value between wire 1 and wire 2 is an
average value of 8 sets of measurements. Similarly, the
differential resistance value between wire 3 and wire 6 is
measured using:
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R3—R6 = (R + R3) — (R + R6)

= (R2+ R3) — (R2 + R6)
=(R3+R1)-(R6+R1)

= (R3+ R2) - (R6 + R2)

The differential resistance value between wire 5 and wire 4
is measured using:

RS — R4 = (R5 + RT) — (R4 + RT)

= (R5 + R8) — (R4 + R8)
= (R7+R5) - (RT + R4)

= (R8 + R5) — (R8 + R4)

The differential resistance value between wire 7 and wire 8
is measured using:

R7—R8 = (R4 + RT) — (R4 + R8)
= (R5+ R7) - (RS + R%)
= (R7+ R4) - (R8 + R4)

= (R7+ R5) — (R8 + RS)

According to yet another illustrated embodiment of the
present invention, resistance values, and resistance imbal-
ance, for each of the conductor wires is determined by
comparing the resistance of each of the conductor wires. For
instance, and with returning reference to FIG. 3, resistance
of each of the conductor wires is determined by a corre-
sponding differential resistance and loop resistance, as
shown in the following formula:

R1=1/2*[(R1-R2)+(R1+R2)]
R2=1/2*[(R2-R3)+(R2+R3)]

R3=1/2*[(R3-R1)+(R1+R3)]

For example, resistance of wire 1(R1) can be determined by
the differential resistance between wire 1 and wire 2 (R1-
R2) and the loop resistance of wire 1 and wire 2 (R1+R2).
Similarly, resistance of wire 2 (R2) can be determined by the
differential resistance between wire 2 and wire 3 (R2-R3)
and the loop resistance of wire 2 and wire 3 (R2+R3). It is
to be appreciated and understood that resistance of wire 4 to
wire 8 is measured by the same method as described above.
By this measurement method, resistance of each wire can be
obtained. The processor 102 then preferably compares the
resistance of each wire and resistance imbalance is deter-
mined by the comparison result.

Alternatively, the resistance of each wire can also be
determined by corresponding loop combinations. For
example, for wire 1, wire 2 and wire 3, resistance can be
determined by the following formula, respectively:

R1=1/2*[(R1+R3)-(R2+R3)+(R1+R2)]
R2=1/2*[(R2+R3)-(R1+R3)+(R1+R2)]

R3=1/2*[(R1+R3)-(R1+R2)+(R2+R3)]
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As indicated above, resistance for wire 1 (R1) is determined
by measuring resistance between the first wire of the first
wire pair (wire 1) and one reference wire chosen from the
second wire pair (wire 3) to produce a first loop resistance
measurement value (R1+R3), and resistance between a
second wire of the first wire pair (wire 2) and the reference
wire (wire 3) can be measured as a second loop resistance
measurement value (R2+R3), and resistance between the
first wire (wire 1) and the second wire (wire 2) of the first
wire pair can be measured to obtain a third loop resistance
measurement value (R1+R2). After these loop resistances
have been measured, the resistance of the first wire (R1) can
be determined by calculating a resistance sum value by
adding the third loop value (R1+R2) to a difference between
the first and second loop values (R1+R3)-(R2+R3), and then
the resistance sum value is divided in half to obtain a final
resistance of wire 1 (R1). It is thus to be understood and
appreciated that the resistance of each wire for the commu-
nication cable is determined in the similar method. It is to be
further appreciated that the processor 102 then compares the
resistance of each wire. Resistance imbalance is determined
by the comparison result.

It is to be further appreciated and understood that a wire
shield may be used as the reference wire if the cable is
shielded. Preferably, in the current described illustrated
embodiment, when measuring differential resistance, a
higher current is applied, for instance, 8.57 ma. In contrast,
when measuring loop resistance, a lower current is applied,
for instance, 0.5 ma. This current has to be more accurately
controlled, so the differential resistance measurement algo-
rithm assumes that the calibration of the main and remote
unit is sufficiently accurate with either the main or the
remote unit providing the measurement current. In accor-
dance with an illustrated embodiment, the present invention
uses a loop resistance measurement system that is adapted to
allow measurement of any two of the nine conductors
connecting the main and remote units in a loopback con-
figuration. The nine conductors are the 8 conductors for the
4 pairs, plus the shield, if there is one (cable can be shielded
or unshielded). Thus, non-pair loops can be measured.

The above presents a description of a best mode contem-
plated for carrying out the present invention and of the
manner and process of making and using it in such full,
clear, concise, and exact terms as to enable any person
skilled in the art to which it pertains to make and use these
devices and methods. The present invention is, however,
susceptible to modifications and alternative method steps
from those discussed above that are fully equivalent. Con-
sequently, the present invention is not limited to the par-
ticular embodiments disclosed. On the contrary, the present
invention encompasses all modifications and alternative
constructions and methods coming within the spirit and
scope of the present invention.

The descriptions above and the accompanying drawings
should be interpreted in the illustrative and not the limited
sense. While the invention has been disclosed in connection
with the preferred embodiment or embodiments thereof, it
should be understood that there may be other embodiments
which fall within the scope of the invention as defined by the
following claims. Where a claim, if any, is expressed as a
means or step for performing a specified function, it is
intended that such claim be construed to cover the corre-
sponding structure, material, or acts described in the speci-
fication and equivalents thereof, including both structural
equivalents and equivalent structures, material-based
equivalents and equivalent materials, and act-based equiva-
lents and equivalent acts.
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What is claimed is:

1. A method of qualifying a conductor for services,
wherein the conductor has at least three wires, comprising
the steps of:

feeding signals from a controller to termination ends of at
least three wires of the conductor;

determining in the controller:

a resistance difference between first and second wires
of the conductor using a measured resistance of one
of the three conductor wires as a reference value;

resistance values for each of the at least three conductor
wires;

a resistance value of a first wire loop consisting of an
aggregate resistance of any two of the at least three
conductor wires; and

a resistance value of a second wire loop consisting of
an aggregate resistance of one of the wires used in
determination of the first loop and a conductor wire
not used in determination of the first wire loop; and

qualifying the conductor for services when the resistance
difference between the first and second wires is below

a threshold.

2. A method as recited in claim 1 wherein the services
comprise low-voltage DC power transmission.

3. A method as recited in claim 1 wherein each of the first
and second wires are constituents of a twisted pair of wires.

4. A method as recited in claim 1, further comprising the
step of determining in the controller a difference in resis-
tance values between the first and second wire loops.

5. A method as recited in claim 1 wherein the resistance
of each wire is determined by measuring the resistance at
one end of the wire while the other end of the wire is coupled
to the controller.

6. An apparatus to measure wire resistance in a commu-
nication cable having at least first and second wire pairs,
comprising:

a memory;

a processor disposed in communication with the memory,
and configured to issue a plurality of instructions stored
in the memory, wherein the instructions issue signals
to:

measure resistance between a first wire of the first wire
pair and one reference wire chosen from the second
wire pair to produce a first loop resistance measurement
value;

measure resistance between a second wire of the first wire
pair and the reference wire to produce a second loop
resistance measurement value;

measure resistance between the first wire and the second
wire of the first wire pair to produce a third loop
resistance measurement value; and

determine resistance of the first wire by calculating a
resistance sum value by adding the third loop value to
a difference between the first and second loop values;
and dividing the resistance sum value in half.

7. An apparatus as recited in claim 6 wherein the com-

munication cable transmits low-voltage DC power.

8. An apparatus as recited in claim 6 wherein each of the
first and second conductor wires are constituents of a twisted
pair of wires.

9. An apparatus as recited in claim 6 wherein the proces-
sor further issues signals to measure resistance values for at
least three of the wires of the first and second wire pairs.

10. An apparatus as recited in claim 6 wherein the
communication cable is a shielded cable.

11. An apparatus as recited in claim 6 wherein the
communication cable is a Power over Ethernet (PoE) cable.
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12. An apparatus as recited in claim 6 wherein at least one
of the wires used in either of the first or second loop
measurement value is a wire shield.

#* #* #* #* #*
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